The j'3 vibration-rotation band of cyanoacetylene, HC3N, has been measured in the wavenumber range 2068 to 2095 cm -1 to an accuracy of better than ± 0.005 cm -1 using a diode laser spectrometer. The width of the observed lines is essentially limited by Doppler-broadening. The band center of the C3 vibration is determined from the observed P-and R-branch transitions to be at 2079.30500 (58) constitute the highest resolution infrared measurements made on this molecule to date. Apart from * The diode laser spectrometer -Model LS-3 -was fabricated by Laser Analytics, Inc., whereas the measurements were carried out at the Universität zu Köln.
stellar medium using radiotelescopes. The molecule cyano-octatetrayne, HC9N, has also been identified in interstellar space on the basis of theoretical predictions and two observed rotational transitions, although the molecule has not yet been produced in the laboratory [6] . Clearly these molecules must exhibit infrared spectra due to rovibrational transitions and it is important for both theoretical and astrophysical reasons to know precisely where the bands lie and their rotational structure. In this context it is of importance to note that the first infrared spectra of several molecules (i.e. HCCH...) have been detected in the circumstellar/interstellar medium [7] . We have hence begun a program to measure the spectra of carbon chain molecules at high resolution employing tunable diode lasers.
With increasing length of the carbon chain of the cyanopolyyne molecules HC3N, HC5N, ... the rotational constant for each species decreases, and thus the spacing of the rotational structure of the vibrational bands decreases as well.
On the other hand the band centers of the C = C stretching fundamental are expected to suffer only small wavelength shifts and thus this series of molecules is well suited for testing the high resolution capabilities of any infrared spectrometer. The first laboratory measurements of the infrared spcctrum of HC3N were reported in 1957 by Turrell et al. [9] at low resolution. Recently Mallinson and
Fayt [10] have remeasured the spectrum using a grating spectrometer in the wavenumber region 1800-6500 cm -1 , with a limit of resolution of 0.025 cm -1 to 0.05 cm -1 . In this paper we report on measurements of the vs rotation-vibration band of HC3N in the region 2068 to 2095 cm-1 , using a diode laser spectrometer*. The width of the observed lines was not determined by the spectrometer, but rather by Doppler effect and a small amount of pressure broadening. Our data hence constitute the highest resolution infrared measurements made on this molecule to date. Apart from * The diode laser spectrometer -Model LS-3 -was fabricated by Laser Analytics, Inc., whereas the measurements were carried out at the Universität zu Köln.
0340-4811 1 08 / 0700-0690 $ 01.00/0. -Please order a reprint rather than making your own copy.
demonstrating the validity of the diode laser technique they permit an improved determination of certain molecular constants.
Although we will report on the new spectrometer elsewhere, we briefly mention the essential features of the present arrangement. Radiation from the diode laser central unit was passed through a 1.5 m long glass-tube sample-cell sealed with BaF2 windows. The light beam was then directed by a planemirror system on to the entrance slit of the monochromator, used for selecting the desired mode of the laser emission. The light emerging from the spectrometer was focussed on a HgCdTe detector cooled with liquid nitrogen. The very precisely known positions of the vibration-rotation lines of CO measured by Guelachvili [11] were used as a calibration standard. The Fabry-Perot fringes of a germanium etalon with a free spectral range of 0.05 cm -1 were used as an interpolation scale. The absorption lines were displayed by modulating the laser output frequency with 5 kHz sinewave while slowly sweeping the mean laser frequency through the region of interest. By synchronous demodulation of the detector output signal at 10 kHz the second derivative of the absorption feature was obtained. This source modulation technique is common practise in microwave spectroscopy but not so familiar in conventional infrared spectroscopy.
The cyanoacetylene sample was produced at the Molecular Spectroscopy Laboratory at the JustusLiebig-Universität, Gießen, by a radiofrequency discharge through a mixture of acetylene and hydrogen cyanide, as discussed by Creswell et al. [1] and Winnewisser et al. [5] .
In Fig. 1 we reproduce a part of the HC3N spectrum recorded with the diode laser system. For purposes of illustration one CO calibration line is included. The strongest transitions of the HC3N spectrum are assigned to the Z -E fundamental band,i>3 = 1<-0. The narrowly spaced doublets are assigned to the hot band v3=l, u7 = l<-v3 = 0, v-} = 1. The details of this rotational assignment will not be discussed here.
We will now turn to the analysis of the rotational structure of the fundamental band V3 = 1 <-0, which consists of a P-and R-branch. The line position vm for a P-or R-branch transition is represented by the approximate formula (neglecting centrifugal distortion): 2 (1)
vm = vQ + (B' + B") m + (B' -B") m
2074.0 2073.5 Fig. 1 . High resolution diode laser spectrum of the V3 vibration-rotation spectrum of HC3N. Three successive J lines of the P branch are displayed. The P(17) CO line (CO appears as an impurity in the sample) is used as a calibration standard in this section of the spectrum. The weaker doublet lines in the spectrum are hot band transitions and exhibit Z-type splitting. The spectrum was recorded by using frequency modulation and is displayed in second derivative form. It may be noted that reflection of laser power back into the laser causes weak energy modulation which produces errors in the baseline.
where m -J-j-1 for R(J) and m=-J for P{J),
and B' and B" are the rotational constants for the upper and lower state respectively.
In diode laser spectroscopy it is often not possible to cover the range of the band origin which is the case here. Therefore, the rotational assignment cannot be extracted from the present infrared data alone. We have, therefore, used a modified method of combination relations. The parameters vo, B', and B" were derived for hypothetical rotational assignments from the existing body of highly precise line measurements with the help of a least squares method. If one of the three parameters is known from independent measurements to sufficiently high accuracy, the assignment can be secured by the consistency in the values of that parameter. This parameter is generally B" which is derived from microwave data as is the case here.
In short we used the following procedure: assume that the rotation-vibration lines vm are consistently miss-assigned by a constant integral number n to say p -m-^n. It follows then that (1) can be rewritten by
where
Bn' + Bn" = (B' + B")
and
The parameters vn, Bn' and Bn" are obtained by least squares fit. From (4) and (5) the values of Bn" are related to the true parameters
Bn" = B" -n(B' -B"). (6)
Therefore the integral number n is given by
Using the last equation the value for B" as determined by microwave spectroscopy n can be predicted rather accurately. In fact, by this method it became possible to obtain the final assignment in one single iteration.
In Table I the observed wavenumbers are listed together with the final assignment. For comparison we have also listed the calculated wavenumber based on the best fit parameters presented in Table II . The accuracy of the measurements is believed to be better than ± 0.005 cm -1 on the basis of measurements of the difference bet ween two sets of 12 CO and 13 CO lines, the latter ones in natural abundance [i.e. 12 CO P(16) and i 3 CO P(5);
12 CO P(17) and 13 CO P (6)]. At present the accuracy is limited by the thermal instability of the optical path-length of the Ge-etalon. Our results are consistent with those of Mallinson and Fayt [10] .
The small discrepancies between the ground state rotational constant B" quoted in this work and
Ref. [1] is caused by contributions from centrifugal distortion neglected in the present work. The analysis of the hot bands arising from successive excitation of v^ is in progress, and we will be able to derive new spectral information, such as the /-type doubling constant in the combination state (i>3 = 1, vi -1), because the Z-type splitting is clearly resolved as shown in Figure 1 . The present measurements are being extended to isotopically substituted molecules and other cyanopolyynes.
